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REFRACTIVE PROJECTION OBJECTIVE WITH A WAIST 



CROSS-REFERENCE TO RELATED APPLICATION 

5 

This application is a continuation of International 
Patent Application Serial No. PCT/EP 03/01651 filed 
February 19, 2003, which claims priority of U.S. Provisional 
Application Serial No. 60/360,845 filed March 1, 2002 and which 
10 is hereby incorporated by reference in its entirety. 



BACKGROUND OF THE INVENTION 



The invention relates to a projection system for making 
15 photographic exposures with a refractive projection objective. 
More specifically, the invention relates to the refractive 
projection objective itself as well as to a method involving 
the use of the projection system with the refractive projection 
objective in the manufacture of components carrying a 
20 microstructure . All lenses of the projection objective consist 
of the same material, and the numerical aperture of the 
projection objective on the image side is larger than 0.7. 
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The German patent application DE 198 18 444 Al 
discloses refractive projection objectives that are designed 
for exposures with light of a wavelength of 248.4 nm, where all 
lenses of the projection objectives consist of a material which 
at the stated exposure wavelength have a refractive index of 
1.50839 which is characteristic of, e.g., quartz glass. 

The aforementioned reference further discloses that 
when image aberrations occur, they can be corrected by a 
targeted use of aspheres. For example, as mentioned in this 
reference, an image distortion occurring with the projection 
objective can be corrected by using an asphere in the first 
lens group, which in this case is a lens group of positive 
refractive power. Further according to the same reference, 
entrance pupil aberrations occurring in the projection 
objective can be corrected by including an asphere in the 
second lens group, which is a group of negative refractive 
power and forms a first waist of the projection objective. It 
is also known that by arranging an aspheric lens surface in the 
third lens group it is possible to minimize a coma effect that 
may be present in the projection objective, where the third 
lens group is a group of positive refractive power and is 
arranged between the two waists (second and fourth lens group) . 
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A coma effect occurring in the objective can likewise be 
minimized by arranging an asphere in the sixth lens group, 
which is of positive refractive power and is arranged directly 
in front of the wafer. Through the use of an asphere in the 
5 fifth lens group, which is of positive refractive power, it is 
possible to correct aberrations associated with a large 
numerical aperture, in particular spherical aberrations. A 
correction of spherical aberrations is also possible by 
arranging an asphere in the fourth lens group, as long as the 
10 asphere is arranged close to the image plane. 

As disclosed in US 5,668,672, chromatic aberrations can 
be corrected by using quartz glass in combination with a 
fluoride material as lens materials. Further known from 

15 US 6,377,338 is a refractive projection objective, in which 
chromatic aberrations are corrected by using a combination of 
two or more kinds of fluoride crystals. The projection 
objective shown in Figure 11 of US 6,377,338, which is designed 
for a wavelength of 157 nm, includes several aspheres. The 

20 lens materials proposed for use at this wavelength include in 
particular calcium fluoride and lithium fluoride. 

In the US patent application 09/694,878 (EP 1094350 A), 
the use of individual calcium fluoride lenses is proposed for 
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the correction of chromatic aberrations in an objective 
designed for the wavelength of 193 nm wherein most of the 
lenses consist of quartz glass. The projection objective 
presented in Fig. 1 of this reference is a refractive objective 
5 with a numerical aperture of 0.7 and includes a lens group of 
negative power providing a clearly defined waist that is 
identified in the drawing as G2 . 

A projection objective that is likewise designed for a 
10 wavelength of 193 nm is described in US 6,522,484. This lens 
system has a numerical aperture of 0.7 and the specified lens 
materials are quartz glass and calcium fluoride used in 
combination. The projection objectives proposed in this 
reference further have at least two lens groups of negative 
15 power, each of which produces a clearly defined waist in the 
light path geometry. 

Refractive lens systems are described in EP 1139138 Al, 
in which the lenses consist of the materials calcium fluoride 
2 0 and quartz glass. An example of an objective designed for a 
wavelength of 157 nm is shown in which all lenses consist of 
calcium fluoride. Other lens arrangements presented in the 
same reference are designed for the wavelength of 193 nm. Each 
of the lens systems described includes a plurality of aspheres. 
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Using calcium fluoride, e.g., in a lens system designed 
for exposures at a wavelength of 193 nm has the disadvantages 
that on the one hand calcium fluoride is not as readily 
available as quartz glass and on the other hand it is also 
significantly more expensive. 



OBJECT OF THE INVENTION 

The invention therefore has the objective to propose 
refractive lens arrangements, more specifically a 
microlithography projection system for making photographic 
exposures with a refractive projection objective, with a large 
numerical aperture and good optical qualities. 

As a further objective, the invention aims to provide 
refractive lens systems for use in microlithography which offer 
a large numerical aperture in combination with small 
longitudinal chromatic aberrations. 

The invention further has the objective to provide 
refractive lens systems at reduced manufacturing cost. 
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SUMMARY OF THE INVENTION 



According to the invention, the objectives outlined 
above are met by a refractive projection objective which has an 
optical axis, an object field, a system diaphragm, and an image 
field, wherein all lenses of the objective consist of the same 
material, wherein a maximum lens diameter can be identified 
among the lenses of the objective, and wherein the image-side 
numerical aperture of the objective is greater than 0.7. A 
light bundle traversing the objective from the object field to 
the image field is defined by the image-side numerical aperture 
and by the image field, and a maximum light bundle diameter 
exists relative to the entire light path between the object 
field and the image field. According to the invention, the 
objective is designed so that in an axial length interval at 
least equal to the maximum lens diameter or the maximum light 
bundle diameter and extending from the diaphragm towards the 
object field, the light bundle has a diameter that is larger 
than 85% of the maximum lens diameter or the maximum light 
bundle diameter. 

Due to the measure of specifying the same material for 
all of the lenses, the manufacturing cost can be lowered even 
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for the reason alone that the higher costs for procuring 
different materials are avoided. 

The invention also provides a solution for a purely 
5 refractive objective which is made with only one lens material 
and provides a good level of correction for chromatic 
aberrations in applications where the objective is used as a 
microlithography projection objective with a large image- side 
numerical aperture and a large image field- As the chromatic 

10 aberration increases with increasing bandwidth of the light 

used for the exposure, the restriction on the bandwidth of the 
exposure light can be relaxed only by using an objective with 
an exceptionally effective correction of the chromatic 
aberration, in particular the longitudinal chromatic 

15 aberration, without having to tolerate a deterioration in image 
quality. 

The objective should be suited in particular for 
wavelengths of 157 nanometers and 193 nanometers. As an 
2 0 unexpected result, it was found that even with the complex 

boundary conditions imposed on a high-quality microlithography 
projection objective, measures can be taken with regard to the 
arrangement and the design of the lenses so that at a given 
amount of dispersion, a noticeable reduction of the 
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longitudinal chromatic aberration is achieved with a single 
lens material. Among the measures that can be taken, it has 
proven to be advantageous if positive refractive power is moved 
towards the image in order to keep the longitudinal chromatic 
aberration small. 

The high-order Petzval correction that is necessary in 
lens arrangements of this type requires a design with waists of 
negative refractive power. 

An arrangement where a doublet consisting of a positive 
lens and a negative lens is placed after the first waist with a 
large lens diameter of at least 85% of the maximum lens 
diameter or the maximum light bundle diameter provides the 
possibility to optimize the correction in regard to all 
aperture -related non-axial image aberrations without causing 
longitudinal chromatic aberrations. 

Particularly the area ahead of the system diaphragm and 
the area of the diaphragm itself are predisposed to cause 
longitudinal chromatic aberrations. Because of this problem, 
it has proven to be advantageous to arrange lens doublets in 
the area ahead of and in the immediate vicinity of the system 
diaphragm, with each doublet having a positive lens coordinated 
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with a negative lens that is positioned close to the positive 
lens and has a similar light bundle diameter. Doublets with a 
combined refractive power of less than 20% of the refractive 
power between the diaphragm and the wafer were found 
particularly advantageous. The outside contour shape of the 
doublets resembles a thick curved meniscus that has a 
relatively small refractive power. 

It has proven advantageous to provide a trace of a 
second waist in the form of two consecutive negative lenses 
placed between two positive lenses. Because of the large lens 
diameter of the negative lenses, the light bundle diameter is 
constricted only slightly in this second waist, in particular 
less than 10% of the maximum lens diameter occurring ahead of 
this waist. This has a beneficial effect on the longitudinal 
chromat ic aberrat ion . 

Using aspheres in an opening group consisting of 
negative lenses has the advantage that the possibilities of the 
Petzval correction, in particular the field curvature 
correction, are not stretched to the limit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



In the following, the invention will be described in 
more detail based on specific embodiments, which represent 
5 examples and are not to be interpreted as limitations of the 

scope of the invention. The description refers to the attached 
drawings, wherein 



Figure 1 represents a microlithography projection system; 

10 

Figure 2 represents a refractive projection objective with a 
length of 1340.7 mm and a numerical aperture of 0.8 
for applications in microlithography with an exposure 
light wavelength of 193 nm; 

15 

Figure 3 represents a projection objective with a length of 

1344 mm and a numerical aperture of 0.85 designed for 
a wavelength of 193 nm; 



2 0 Figure 4 represents a projection objective with a length of 

1390 mm and a numerical aperture of 0.85 designed for 
a wavelength of 157 nm; 
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Figure 5 represents a projection objective with a length of 
1300 mm designed for a wavelength of 157 nm; and 

Figure 6 represents a projection objective with a length of 
5 1200 mm designed for a wavelength of 193 nm. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

10 Figure 1 serves to describe the principal layout of a 

projection system 1 for photographic exposures with a 
refractive projection objective 5. The projection system 1 has 
an illumination device 3 that is equipped with a means for 
narrowing the bandwidth. The projection objective 5 comprises 

15 a lens arrangement 21 with a system diaphragm 19, where the 

lens arrangement 21 defines an optical axis 7. A mask 9, which 
is held in the light path by means of a mask holder 11, is 
arranged between the illumination device 3 and the projection 
objective 5. Masks 9 of the kind used in microlithography 

2 0 carry a structure with detail dimensions in the micrometer to 

nanometer range, which is projected by means of the objective 5 
onto an image plane 13 with a reduction in size by as much as a 
factor of 10, in particular a factor of 4 . A substrate or 
wafer 15 is held in the image plane 13 by a substrate holder 
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17. The smallest detail dimensions of the structures that can 
be resolved in the image depend on the wavelength of the light 
used for the exposure and also on the numerical aperture of the 
projection objective 5 as well as a K- factor. The maximum 
5 level of resolution that can be achieved with the projection 

system 1 increases with smaller wavelengths of the light bundle 
23 that is produced by the illumination device 3 and through 
which the pattern of the mask 9 is projected onto the wafer 15 
by means of the projection objective 5. 

10 

The design of different lens arrangements 21 of 
projection objectives 5 for the wavelengths of 193 nm and 157.6 
is described on the basis of Figures 2 to 6, with the terms 
projection objective and lens arrangement being used 
15 interchangeably . 

The refractive lens arrangement 21 shown in Figure 2 is 
designed for the exposure light wavelength of 193 nanometers 
and has an image-side numerical aperture of 0.8. This lens 
2 0 arrangement 21 has 31 lenses, nine of which have at least one 
aspheric lens surface. This type of lens is also referred to 
as an asphere. The length from the object plane O to the image 
plane O' is 1340.7 mm. 
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The lens arrangement 21 of Figure 2 can be subdivided 
into three lens groups LG1 to LG3 . The first lens group LG1 
has a positive refractive power and includes the lenses with 
the surfaces 2-15. The lens group LG1, in turn, can be 
5 subdivided into an opening group EG1 which has negative 

refractive power and includes the first three lenses. The 
first two lenses on the object side have aspheres arranged on a 
convex lens surface on the side facing the object. These first 
two lenses are curved towards the object. 

10 

The lenses that follow the opening group EG1 form a 
bulge. These thick positive lenses have a favorable effect on 
the Petzval sum and also make a favorable contribution in 
regard to the coma correction. The last lens of the lens group 
15 LG1 has an aspherical surface on the side that faces towards 
the wafer. 

The second lens group LG2 is made up of the lenses with 
the lens surfaces 16-21. The first and the last lens surface 
20 in this group are aspherical. The lens group has a negative 
refractive power and forms a distinct waist. Thus, this lens 
group makes a particularly valuable contribution to the 
correction of the higher-order sagittal spherical aberrations. 
At the same time, this lens group provides the main 
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contribution to the Petzval correction, in particular the 
flattening of the image curvature. 

The second lens group is followed by the third lens 
5 group LG3, which is composed of the lenses with the lens 

surfaces 22-64. The most noticeable trait of this lens group 
is its elongated tubular appearance. This shape is the result 
of an elongated portion in the area ahead of the system 
diaphragm. This portion of the third lens group has a light 

10 bundle diameter or a lens diameter equal to at least 85% of the 
maximum lens diameter or the maximum light bundle diameter. 
Due to this configuration, it was possible to achieve favorable 
optical properties, particularly in regard to a longitudinal 
chromatic aberration, in an objective using only a single lens 

15 material. Especially the portion ahead of the system diaphragm 
19 and the immediate vicinity of the system diaphragm are for 
principal reasons particularly critical sources of longitudinal 
chromatic aberration. In the illustrated example, four 
doublets are arranged ahead of the system diaphragm 19, each 

20 consisting of a positive lens and a negative lens. A further 
doublet consisting of a positive lens followed by a negative 
lens is arranged after the system diaphragm 19. A large 
portion of the refractive power of the objective is provided by 
a thick positive lens that follows after these doublets. An 
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end portion of the third lens group LG3, identified as UG3d in 
Figure 2 and composed of the lenses with the lens surfaces 31- 
54 has a favorable effect on the negative image distortion. 
The design of the end portion UG3d is essential in that it 
enables a very high aperture of 0 . 8 with an optimal degree of 
correction, because it contributes only to a small extent to 
the spherical aberration and coma. 

A weakly curved waist of two successive negative lenses 
that are arranged ahead of the system diaphragm is identified 
as UG3b. The lenses with the lens surfaces 22-29, identified 
collectively as UG3a, form a positive subgroup that represents 
an atypical bulge. 

The projection objective shown in Figure 2 allows an 
image field with an area of 10.5 x 26 mm 2 to be exposed, with 
the structure of the object being projected onto a wafer with a 
reduction factor of 4. 

Table 1 represents the Code V™ data for the embodiment 
of the inventive objective that is illustrated in Figure 2. 
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TABLE 1 



SURFACE 


RADIUS 


THICKNESS 


MATERIAL 


REFR. INDEX 
193.304 nm 


Vi FREE 
DIAMETER 


0 


0.000000000 


24.114319875 


N2 


1.00000320 


56.080 


1 


0.000000000 


3.482434220 


N2 


1.00000320 


61.002 


2 


2078.963770280AS 


11.540852046 


SI02HL 


1.56028895 


62.455 


3 


149.559792284 


8.045820053 


N2 


1.00000320 


63.745 


4 


283.335388909AS 


10.384447026 


SI02HL 


1.56028895 


65.015 


5 


227.471174739 


35.446688452 


N2 


1.00000320 


66.284 


6 


-122.782367295 


38.508940817 


SI02HL 


1.56028895 


68.210 


7 


-255.078934826 


0.874570041 


N2 


1.00000320 


89.183 


8 


-888.725542480 


30.171005105 


SI02HL 


1.56028895 


95.735 


9 


-191.846579966 


0.675200957 


N2 


1.00000320 


98.735 


10 


640.397878968 


41.049504805 


SI02HL 


1.56028895 


108.485 


11 


-250.387321692 


0.675200957 


N2 


1.00000320 


109.147 


12 


667.678997977 


44.017612594 


SI02HL 


1.56028895 


105.073 


13 


-1125.455416998 


0.675200957 


N2 


1.00000320 


100.899 


14 


192.876693777 


62.505832714 


SI02HL 


1.56028895 


93.072 


15 


331.893780633AS 


32.604997110 


N2 


1.00000320 


76.483 


16 


-171.193877443AS 


17.084502546 


SI02HL 


1.56028895 


70.652 


17 


335.138365959 


24.373437146 


N2 


1.00000320 


66.301 


18 


-192.572424355 


9.645727950 


SI02HL 


1.56028895 


65.926 


19 


418.847934941 


26.888457292 


N2 


1.00000320 


68.374 


20 


-140.483410076 


10.610300745 


SI02HL 


1.56028895 


69.129 


21 


-459.758634782AS 


16.193911170 


N2 


1.00000320 


77.669 


22 


-188.260511338 


24.787222412 


SI02HL 


1.56028895 


79.453 


23 


-123.558724879 


1.174436845 


N2 


1.00000320 


84.227 


24 


-224.101808279 


35.439166118 


SI02HL 


1.56028895 


89.392 


25 


-158.235875230 


1.137750024 


N2 


1.00000320 


97.007 


26 


-244.923106839 


26.771118597 


SI02HL 


1.56028895 


99.234 


27 


-435.595962845 


19.019537360 


N2 


1.00000320 


108.190 


28 


254.503542501 


103.741855324 


SI02HL 


1.56028895 


125.704 


29 


-370.013146990 


0.898100644 


N2 


1.00000320 


123.190 


30 


-651.149669203AS 


11.574873540 


SI02HL 


1.56028895 


119.614 


31 


346.341133415 


40.118210584 


N2 


1.00000320 


114.229 


32 


-378.937108427 


11.574873540 


SI02HL 


1.56028895 


114.195 


33 


532.696677413 


4.927372582 


N2 


1.00000320 


118.682 


34 


439.556363278 


74.374706500 


SI02HL 


1.56028895 


121.399 


35 


-502.601956332 


0.675200957 


N2 


1.00000320 


124.801 


36 


522.145O69309AS 


14.799644077 


SI02HL 


1.56028895 


124.414 


37 


1476.224552423 


4.677319062 


N2 


1.00000320 


124.271 


38 


2177.900420777 


11.574873540 


SI02HL 


1.56028895 


124.349 


39 


384.316107261 


1.595817333 


N2 


1.00000320 


124.241 


40 


312.429605405 


51.750696421 


SI02HL 


1.56028895 


125.681 


41 


-432.173779349 


17.813396316 


N2 


1.00000320 


125.439 


42 


-249.375527898 


11.574873540 


SI02HL 


1.56028895 


124.719 


43 


-1589.233069199 


14.468591925 


N2 


1.00000320 


127.374 


44 


0.000000000 


4.822863975 


N2 


1.00000320 


125.296 


45 


321.301154865 


57.691242734 


SI02HL 


1.56028895 


131.351 


46 


-1054.206205699AS 


14.951798157 


N2 


1.00000320 


130.208 


47 


-589.044474927AS 


11.574873540 


SI02HL 


1.56028895 


128.575 


48 


274.036317071 


8.139476302 


N2 


1.00000320 


128.119 
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TABLE 1 (continued) 





SURFACE 


RADIUS 


THICKNESS 


MATERIAL 


REFR. INDEX 
193.304 nm 


% FREE 
DIAMETER 




49 


321.225611416 


124.977354157 


SI02HL 


1.56028895 


129.264 


5 


50 


-395.919230783 


1.969428424 


N2 


1.00000320 


131.721 




51 


820.198727366 


26.845651259 


SI02HL 


1.56028895 


126.931 




52 


-973.939543882 


0.694000123 


N2 


1.00000320 


125.647 




53 


139.833041863 


36.229940671 


SI02HL 


1.56028895 


107.077 




54 


242.551698933 


0.867355440 


N2 


1.00000320 


102.010 


10 


55 


131.386059685 


29.928967379 


SI02HL 


1.56028895 


91.857 




56 


235.274124558 


0.675200957 


N2 


1 .00000320 


85.440 




57 


157.034314790 


26.536117143 


SI02HL 


1.56028895 


7ft A CO 

79.168 




CO 

58 


231.201718823 


9.z19970buo 


HZ 


1 .OUUUUozl) 


OO.OlZ 




CO 




ii, iy/ r zo4Uo 






£1 AAA 
01.404 


15 


60 


236.045204498 


0.675200957 


N2 


1.00000320 


52.281 




61 


134.300351512 


8.120819966 


SI02HL 


1.56028895 


48.003 




62 


63.666959363 


10.716266548 


N2 


1.00000320 


38.339 




63 


108.784923745 


21.847901284 


SI02HL 


1.56028895 


35.245 




64 


693.402002382 


8.681155155 


N2 


1.00000320 


24.992 


20 


65 


0.000000000 


0.000000000 


N2 


1.00000320 


14.020 




66 


0.000000000 


0.000000000 




1.00000000 


14.020 



ASPHERIC CONSTANTS 

25 

SURFACE NO. 2 

CO 0.0000 

C1 2.14106637e-007 

C2 -1.516699866-011 

C3 2.64769647e-015 

C4 -3.99036396e-019 

C5 2.47505843e-023 

C6 -3.15802350e-028 

C7 3.03036722e-032 

C8 0.00000000e+000 

C9 0.00000000e+000 

SURFACE NO. 21 

CO 0.0000 

C1 4.82674733e-008 

C2 1.36227355e-012 

C3 -9.54833030e-017 

C4 9.50143078e-022 

C5 5.69193655e-025 

C6 -3.40684947e-029 

C7 2.94651 178e-033 

C8 0.00000000e+000 

C9 0.00000000e+000 



SURFACE NO. 4 

CO 0.0000 

C1 8.34485767e-008 

C2 6.40722335e-012 

C3 -1.82542397e-015 

C4 2.34304470e-019 

C5 -8.2671 1198e-024 

C6 -7.65863767e-028 

C7 6.41110903e-032 

C8 0.00000000e+000 

C9 0.00000000e+000 

SURFACE NO. 30 

CO 0.0000 

C1 -1.450948046-009 

C2 5.04456796e-013 

C3 -5.09450648e-018 

C4 -1.99406773e-022 

C5 -1.14064975^026 

C6 5.78307927e-031 

C7 -1.436305016-035 

C8 0.00000000e+000 

C9 0.00000000e+000 



SURFACE NO. 15 

CO 0.0000 

C1 -2.63006449e-008 

C2 -2.79471341e-012 

C3 -2.67096228e-016 

C4 -1.351383728-020 

C5 -4.40665654e-024 

C6 5.04322571e-028 

C7 -7.878671 35e-032 

C8 0.00000000e+000 

C9 0.00000000e+000 

SURFACE NO. 36 

CO 0.0000 

C1 -1.43259985e-008 

C2 -3.56045780e-013 

C3 -7.68193084e-018 

C4 -1 .87091 119e-022 

C5 -1.28218449e-026 

C6 3.62372568e-031 

C7 -2.39455297e-035 

C8 0.00000000e+000 

C9 0.00000000e+000 



SURFACE NO. 16 

CO 0.0000 

C1 3.25803022e-009 

C2 -6.94860276e-013 

C3 -1.780492946-016 

C4 -6.94438259e-021 

C5 6.12556670e-024 

C6 -1.485566446027 

C7 1 .000889386031 

C8 0.00000000e+000 

C9 0.00000000e+000 

SURFACE NO. 46 

CO 0.0000 

C1 -7.44300951e-010 

C2 -1.005978486-013 

C3 -1.163008546-017 

C4 3.24986044e-023 

C5 5.82666461e-027 

C6 -4.12661445e-031 

C7 6.25538499e-036 

C8 0.00000000e+000 

C9 0.00000000e+000 
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SURFACE NO. 47 

CO 0.0000 

C1 -7.10390913e-009 

C2 1.809397076-014 

C3 -1.34383300e-017 

C4 -1.50233953e-023 

C5 7.80860338e-027 

C6 -4.98388772e-031 

C7 9.26846573e-036 

C8 0.00000000e+000 

C9 0.00000000e+000 

The following description relates to a further purely 
refractive lens arrangement 21 which is illustrated in Figure 3 
and is likewise designed for light with a wavelength of 193 nm. 
The length of the lens arrangement 21, measured from the object 
plane 0 to the image plane 0', is 1344.0 mm. A field of 
10.5 x 26 mm 2 can be exposed. The lens arrangement of Figure 3 
again has an opening group EG1 formed by the first lenses 
arranged on the object side, which are of negative refractive 
power. The subsequent lenses with the surfaces 8-15 form a 
lens group LG1 . The last lens surface 15 of this lens group is 
again aspheric on the wafer side. 

The subsequent lenses with the surfaces 16-21 form a 
third lens group LG2 . This third lens group LG2 overall has a 
negative refractive power and forms a strongly curved waist 29. 
This lens group is followed by a fourth lens group LG3 , which 
has an elongated tubular shape. A system diaphragm 19 is 
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arranged in this fourth lens group. On the side facing towards 
the third lens group LG2 and thus facing towards the object 
field, the fourth lens group LG3 has a subgroup UG3a with a 
small positive refractive power. This is followed by a weakly 
5 curved waist UG3b formed by two negative lenses with a large 
diameter equal to at least 85% of the maximum diameter. The 
two negative lenses belong to the doublets Dl and D2 . There 
are two further doublets, identified as D3 and D4, arranged 
ahead of the system diaphragm 19. A further doublet is 
10 identified as D5 with aspheres on both of its surfaces 46 and 
47. The final portion, identified as G3d, is made up of a 
plurality of thin lenses by which the wide light bundle 23 is 
focused onto the image plane, i.e., onto the wafer. 

15 The image-side numerical aperture is 0.85. This 

objective projects the object into the image plane 13 with a 
reduction factor of 4. The data for all of the lenses are 
listed in Table 2. 
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TABLE 2 





SURFACE 


RADIUS 


THICKNESS 


MATERIAL 


REFR. INDEX 
193.304 nm 


1 / 2 FREE 
DIAMETER 


5 


0 


0.000000000 


24.172413800 


N2 


1.00000320 


56.080 




1 


0.000000000 


15.006569837 


N2 


1.00000320 


61.282 




2 


599.473674706AS 


17.471359581 


SI02HL 


1.56028895 


65.688 




3 


142.945533106 


15.594383723 


N2 


1.00000320 


67.351 




4 


520.7924761 25AS 


15.866311924 


SI02HL 


1.56028895 


70.201 


10 


5 


458.213670894 


35.531230748 


N2 


1.00000320 


72.731 




6 


-130.942246277 


29.261434955 


SI02HL 


1.56028895 


75.090 




7 


-522.434408367 


1.046065674 


N2 


1.00000320 


96.747 




8 


-6686.031621900 


34.314309045 


SI02HL 


1.56028895 


103.359 




9 


-218.186494807 


0.676827586 


N2 


1.00000320 


106.388 


15 


10 


706.363261168 


45.122462397 


SI02HL 


1.56028895 


119.094 




11 


-278.472163674 


0.676827586 


N2 


1.00000320 


120.155 




12 


959.514633579 


36.082624687 


SI02HL 


1.56028895 


118.383 




13 


-896.787607317 


4.587825747 


N2 


1.00000320 


116.762 




14 


158.750812726 


85.801121037 


SI02HL 


1.56028895 


106.229 


20 


15 


300.4751 02689AS 


43.038670535 


N2 


1.00000320 


83.117 




16 


-175.884377464A 


6.768275864 


SI02HL 


1.56028895 


72.476 




17 


320.319576676 


27.446116916 


N2 


1.00000320 


68.293 




18 


-146.443321423 


9.668965520 


SI02HL 


1.56028895 


67.974 




19 


339.454879151 


28.665475857 


N2 


1.00000320 


72.279 


25 


20 


-161.977156970 


10.635862072 


SI02HL 


1.56028895 


73.414 




21 


-238.647909042AS 


15.370621050 


N2 


1.00000320 


79.551 




22 


-150.311235300 


27.766876031 


SI02HL 


1.56028895 


81.604 




23 


-155.362800581 


0.676827586 


N2 


1.00000320 


92.928 




24 


-428.765583246 


34.936111184 


SI02HL 


1.56028895 


101.383 


30 


25 


-220.472579824 


0.676827586 


N2 


1.00000320 


108.198 




26 


-438.752339375 


25.651183289 


SI02HL 


1.56028895 


111.993 




27 


-486.537649387 


16.665277911 


N2 


1.00000320 


118.679 




28 


286.503340486 


84.567562777 


SI02HL 


1.56028895 


136.363 




29 


-370.847311034 


7.492580442 


N2 


1.00000320 


135.394 


35 


30 


-366.9451 32944AS 


11.602758624 


SI02HL 


1.56028895 


132.013 




31 


577.586771717 


32.431277232 


N2 


1.00000320 


128.108 




32 


-559.674262738 


11.602758624 


SI02HL 


1.56028895 


128.110 




33 


537.388094819 


2.743298664 


N2 


1.00000320 


131.720 




34 


408.077824696 


42.484571757 


SI02HL 


1.56028895 


134.394 


40 


35 


-717.357209302 


0.676827586 


N2 


1.00000320 


134.718 




36 


583.0861 97224AS 


6.768275864 


SI02HL 


1.56028895 


133.965 




37 


269.271701042 


7.352686536 


N2 


1.00000320 


133.550 




38 


281.248185100 


35.203322187 


SI02HL 


1.56028895 


136.018 




39 


472.606393970 


3.186212988 


N2 


1.00000320 


135.918 


45 


40 


363.576248488 


54.546183651 


SI02HL 


1.56028895 


137.633 




41 


-468.746315410 


23.108875520 


N2 


1.00000320 


137.324 




42 


-251.383937308 


11.602758624 


SI02HL 


1.56028895 


136.437 




43 


-1073.133309030 


33.841379320 


N2 


1.00000320 


140.158 




44 


0.000000000 


-24.172413800 


N2 


1.00000320 


142.969 


50 


45 


300.919916537 


63.201252893 


SI02HL 


1.56028895 


150.411 




46 


-982.3601 66014AS 


11.220067842 


N2 


1.00000320 


149.618 




47 


-644.040642268AS 


11.602758624 


SI02HL 


1.56028895 


148.330 




48 


251.499390884 


13.548863209 


N2 


1.00000320 


144.384 
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TABLE 2 (continued) 





SURFACE 


RADIUS 


THICKNESS 


MATERIAL 


REFR. INDEX 
193.304 nm 


Vi FREE 
DIAMETER 




49 


295 116548681 


83 834389825 

WW. WW ~ WW 


SI02HL 


1.56028895 


147.231 




50 


-592 936469041 


0 676827586 

w « V 1 \S\S£- 1 Www 


N2 


1.00000320 


147.243 




51 


463 737108447 

i w w • i w f i ww i II 


36 976613477 


SI02HL 


1.56028895 


141.167 




52 


-1426 895647680 

1 I l— \J . \J \J W W i 1 WWW 


0 695672042 


N2 


1.00000320 


139.475 




53 


140 559527472 


39 416922789 


SI02HL 


1.56028895 


113.157 




54 


220 743893827 

t— t—\J > 1 l W W w W W ^ 1 


0.878083956 


N2 


1.00000320 


106.607 


10 


55 


135 149194981 

1 WW ■ 1 ■ W 1 w • W W 1 


30.341942424 


SI02HL 


1.56028895 


96.272 




56 


227 528619088 


0 689419669 

W«WwW 9 IWWWW 


N2 


1.00000320 


89.300 




57 


157 276474717 

Ivl iLI w~ III If 


26 304510971 

*— W ■ W W I W 1 WW 1 1 


SI02HL 


1.56028895 


82.536 




58 


236 864111032 


8 994847659 

W • W W I W • 1 www 


N2 


1 00000320 

1 tWWWWWWfcW 


70.218 




59 


366 476934349 

WWWi W W W I W I w 


10.551547532 


SI02HL 


1.56028895 


63.779 


15 


60 


98.334230915 


0.676870172 


N2 


1.00000320 


49.220 




61 


98.324175829 


8.007759247 


SI02HL 


1.56028895 


48.802 




62 


76.949074769 


8.603791096 


N2 


1.00000320 


42.525 




63 


99.077661785 


24.844220969 


SI02HL 


1.56028895 


39.131 




64 


511.945903814 


8.702068968 


N2 


1.00000320 


26.963 


20 


65 


0.000000000 


0.000000000 


N2 


1.00000320 


14.020 




66 


0.000000000 


0.000000000 




1.00000000 


14.020 



ASPHERIC CONSTANTS 

SURFACE NO. 2 

CO 0.0000 

C1 1.28169760e-007 

C2 -7.84396436e-012 

C3 4.40001 1228-01 6 

C4 -7.79882973e-021 

C5 -1.306234406-023 

C6 2.14846923e-027 

C7 -1.41595024*031 

C8 0.00000000e+000 

C9 0.00000000e+000 

SURFACE NO. 21 

CO 0.0000 

C1 -1.34732963e-008 

C2 2.75857068e-012 

C3 1.90481938e-016 

C4 2.08472207e-020 

C5 -6.19866674e-025 

C6 2.528961 58e-028 

C7 -1.80211827e-032 

C8 0.00000000e+000 

C9 0.00000000e+000 



SURFACE NO. 4 

CO 0.0000 

C1 8.23267830e-008 

C2 2.76986901 e-01 2 

C3 -1.95568740*016 

C4 -7.24098423e-021 

C5 1.06376091*023 

C6 -1.43486056e-027 

C7 1.06511374*031 

C8 0.00000000e+000 

C9 0.00000000e+000 

SURFACE NO. 30 

CO 0.0000 

C1 -2.23816289*009 

C2 6.79079206e-013 

C3 -2.77226923*018 

C4 -1 .2554721 9e-022 

C5 -1.58964362*026 

C6 6.91 621 100e-031 

C7 -9.74826154e-036 

C8 0.00000000e+000 

C9 0.00000000e+000 



SURFACE NO. 15 

CO 0.0000 

C1 -7.431 29292*009 

C2 -2.93262230e-012 

C3 -2.03722650e-016 

C4 -1.22563860*020 

C5 5.96520089*025 

C6 -1.46602552*028 

C7 1.53867443*032 

C8 0.00000000e+000 

C9 0.00000000e+000 

SURFACE NO. 36 

CO 0.0000 

C1 -1.48722851*008 

C2 -3.21783489*013 

C3 -1.94353769*018 

C4 -1.66369859e-022 

C5 8.53060454*028 

C6 -4.40031 159e-032 

C7 -1.13839635*036 

C8 0.00000000e+000 

C9 0.00000000e+000 



SURFACE NO. 16 

CO 0.0000 

C1 -3.79251645*008 

C2 3.22483445e-012 

C3 1.95986817*016 

C4 2.59408631e-020 

C5 -1.79899203*024 

C6 -1.09069425*029 

C7 3.19439367e-033 

C8 0.00000000e+000 

C9 0.00000000e+000 

SURFACE NO. 46 

CO 0.0000 

C1 -1.29322449e-009 

C2 -7.131 14740*014 

C3 -9.86341305e-018 

C4 7.04573131*023 

C5 6.79406884*027 

C6 -5.13273315e-031 

C7 8.48667932*036 

C8 0.00000000e+000 

C9 0.00000000e+000 
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SURFACE NO. 47 

CO 0.0000 

C1 -6.45902286e-O09 

C2 -2.38977080e-014 

C3 -1.086096266-017 

C4 2.8971 3800e-023 

C5 1.036588116-026 

C6 -6.18950334e-031 

C7 1.103660446-035 

C8 0.00000000e+000 

C9 0.00000000e+000 



The lens arrangement illustrated in Figure 4 is 
5 designed to work with light of a wavelength of 157 nm 

(F2 excimer laser) . The designed length, measured from the 
object plane 0 to the image plane 0', is 1390.0 mm. A field of 
10.5 x 26 mm 2 can be exposed with this lens arrangement 21. The 
overall configuration of this lens arrangement differs only in 
10 non-essential aspects from the arrangement of Figure 3, so that 
a detailed description would be redundant. The specific lens 
data are listed in Table 3. 



{M:\1641\0n083\00044622.DOC IIIIMMIIIID } 



Page 22 of 47 



TABLE 3 





SURFACE 


RADIUS 


THICKNESS 


MATERIAL 


REFR. INDEX 
157.6299 nm 


1 / 2 FREE 
DIAMETER 


5 


u 


a aaaaaaaaa 
u.uuuuuuuuu 


05 aaaaaaaaa 
ZO.UUUUUUUUU 


Ml 
INZ 


1 .UUUo I4Z» 


oy.uuu 




A 
I 


a aaaaaaaaa 
U.UUUUUUUUU 


lO.ooyo/oZou 


MO 
INz 


1 AAA^IAOQ 


04.400 




z 


500 0^1/(7407Q A C 


4Q 70A51G15A 

io./z4oiyoou 


UArZ 


I .ODaZyUoO 


RQ A77 

oy.u/ / 




Q 

0 


/IQ 4Q4/1QOQGO 

4o.io14ozobz 


1G A5/1Q00£15 

io.4o4ozyboo 


MO 
INZ 


^ AAA71A00 
I.UUU%514Zy 


7A 7Q^ 

/u./yo 




A 

4 


CCA 11C4074>M AC 

Ob4.zzb1o/144Ao 


ic 500£A0A05 

io.oy2b4yu9o 


OArz 


1 .ooyzyujo 


7Q fi07 

/ o.oy/ 


10 


5 


/ICC 4A74QQ1/1G 

4bo.19/ 1ooz4o 


OC Q/I0^C0511 

Ob.o4z4boozz 


MO 

Nz 


4 AAAOiylOQ 

i.UUUol4zy 


7fi AA^ 
/0.4U0 




6 


4 O0C1C/IO7O 

-136.836954878 


OA 17CAOQO/IE 

oU.z/bUoo94o 


P ACO 

UArz 


4 CCAOQAOC 

i .ooyzyuoo 


7Q c/n 
/0.04/ 




/ 


CCA 7/ICAC4C/I1 

-00l./4oyolb4z 


4 4 50AQGQOA 

i. ioyuoyoz4 


MO 

NZ 


A AAA04/IOG 

i.uuuo i4zy 


1A1 /HA 
IU I.40U 




o 

0 


Artoo 174 ceo 4 on 


ok cm /I£oqg.7C 
oo.bi4byob/b 


PACO 

OArZ 


i .ooyzyuoo 


iuo.oy4 




9 


11C ACCQIOOOA 

-zzb.9obozoooU 


A 7AAAAAAAA 

U./UUUUUUUU 


MO 
INZ 


A AAA11/IOO 
1 .UUU>314Zy 


111 A7*; 
11 1.4/0 


15 


4 A 
10 


TOO C7AAAOACQ 

/2o.b/9UUo9oy 


AG. 7 A AOAAGO/f 

4b./4UoUUyz4 


PACO 

OArz 


i .ooyzyuoo 


105 fl^Q 

izo.uoy 




4 4 


OQQ G4/IOOQ5ft4 

-zoy.bl4zooool 


A 7AAAAAAAO 
U./UUUUUUUz 


MO 
INZ 


1 AAA^I/LOO 

i.uuuo i^zy 


10R A15 
IZO.U IO 




4 1 
12 


G4A 4505Q40Q7 

y lU.iooooioo/ 


0/1 0AQ5QM/107 

o4.zUyoo44z/ 


PACO 

UArZ 


i. ooyzyuoo 


1 0A AAfi 
IZ4.UU0 




13 


ICC /ICACQ/I10/I 

-9bb.4bUbo4zo4 


C 0/1/ICQOAGO 

b.o44bozuyy 


MO 

INz 


AAA14/IOQ 

.uuuoi4zy 


100 517 
1ZZ.01 / 




A A 

14 


AdC 4C7Q4 0104 

1bo.1b7o13U91 


QQ C/15054/100 

oo.b4ozol49o 


PACO 

OArz 


4 ECA1AAOC 

i. ooyzyuoo 


1 1 A 777 
llU./// 


20 


A C 

15 


04 4 CAAAOA4C4AO 

311. 690939161 Ab 


>t >i CCA755QAA 

44.0bU/00oUU 


MO 

INz 


4 AAA04/00 

i.uuuoi4zy 


Qfi 750 
00. /OZ 




A C 

16 


404 icoieoc/ha o 

-1o1.95305o549Ab 


7 AAAAAAAA4 
/.UUUUUUUU1 


PACO 

OArz 


4 CCA1AAOK 

i .ooyzyuoo 


75 747 
/0./1 / 




A 7 

17 


Ol/I 1/lC/lOOCAA 

o24.24b4ooo90 


ID CQO70A/I1O 

zo.Ooy/ oU4z9 


MO 

Nz 


4 AAAO 4/IOO 

i.uuuo i4zy 


71 0A5 
/ I .ZUO 




A O 

18 


4C4 Q1C77/IAOC 

-151.825/ /49o5 


4 A AAAAAAAAA 
1 U.UUUUUUUUU 


P ACO 

OArz 


4 CCA1AAOG 

i .ooyzyuoo 


7A 0A7 

/u.yu/ 




A 1 

19 


OCC 1V1CCA>I1E1 

355.946694253 


1A ~7AQA AdCQC 

29./1o14ybob 


MO 

NZ 


4 A A AO 4/IOO 

i.uuuoi4zy 


75 A10 
/0.41Z 


25 


11 

20 


407 11><1ACvlQC 

-167.034295485 


4 4 AAAAAAAAA 

1 1 .uuuuouuuu 


PA CO 

UArz 


i .ooyzyuoo 


/0.4oU 




14 

21 


1vl£ 11C1C01A7A0 

-246.225068997Ab 


4C AAAQ7Q14 0 

1o.9UUo/y213 


MO 

Nz 


4 A A AO 4/IOO 

l,UUUoi4zy 


Q1 QQ1 

oz.ooz 




22 


ACC AQQ7AAC71 

-1bo.Ubo/yyb/z 


OQ 77^504077 

Iq.i /4oyiz/ / 


PACO 

UArz 


4 CCAIQA'iE 

i .ooyzyuoo 


ftA Q0.5 

o4.yoo 




10 

23 


4CA ACEAQA717 

-IbU.UboUoy/z/ 


A 71QA5ft/1ft1 

U./ loU0O4bl 


MO 

Nz 


4 AAAO1A0O 

i.uuuo i^zy 


Oft R55 

yo.ooo 




Ivl 

24 


AAA Q4 4 A5171A 

-441.onUoz/zy 


Oft 4COOC5517 

oo.lbyybooo/ 


PACO 

UArz 


4 CCQ1AA1E 

i .ooyzyuoo 


1A5 50.Q 

luo.ooy 


30 


1C 

25 


110 C11AC1CC1 

-228.522063652 


A 7AAAAAAA4 
U./UUUUUUU1 


MO 

Nz 


4 AAAO4/10Q 

i.uuuoi4zy 


110 577 

liz.o/ / 




ie 

26 


AC A 41C0A7774 

-454.1obo9///1 


oc cccocccni 
zb.obbobbbUz 


PACO 

OArz 


4 CCQ1QAOR 

i .ooyzyuoo 


11ft 50.0 

1 10.00Z 




17 

27 


CIA 4 4ACAA071 

-500.119500379 


4 7 4 AAICEAAO 

i/\199zboUUo 


MO 

Nz 


4 AAAO 4/IOO 

i.uuuoi4zy 


100 AOO 

izo.4oy 




io 

28 


lie 740CC40A7 

296.713551807 


Q7 ACOC77C70 

o/.9bob/ /o/o 


PACO 

OArz 


4 CCOOOAOK 

i .ooyzyuoo 


1/11 ft no 

141 .OUO 




in 
29 


OOI 04>l411AAyl 

-382.314123004 


7 CCOCAAAOQ 

/.bbobU9Uoo 


MO 

Nz 


4 AAAO 4/IOO 

i.uuuoi4zy 


1/IA 7fiA 
14U./0U 


35 


30 


07C COOCA004CAO 

-o7b.b3o59oo15Ab 


4 1 AAAAAAAAA 
1Z.UUUUUUUUU 


PACO 

OArz 


i .ooyzyuoo 


1Q7 07A 
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i h 
31 


CA7 14OAC7/I4 0 

607.216067418 


OO CA A 0Q7OC1 

oo.b41oo79bz 


MO 

Nz 


4 AAA04AOO 

i.uuuoi4zy 


110 15A 
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ii 
32 


C71 A CA PiA AC 4 0 

-570.164044613 


41 AAAAAAAAA 

Iz.UUUUUUUUU 


PACO 

OArz 


4 CCQ1QAOK 

i .ooyzyuoo 


110 1A1 
100.141 




33 


CCA C00070CAO 

564.533373593 


1 04££0/(A4A 

2.o1bbo4919 


MO 

Nz 


4 AAA04/OQ 

i.uuuoi4zy 


4oe 074 
100. 0/1 




1 vl 

34 


/I17 7147C1COO 

427.721752683 


>IO AA1CAAAQO 

43.9U269U083 


PACO 

OArz 


4 CCA1AAOC 

i .ooyzyuoo 


100 50A 

loy.oyu 


40 


35 


-732.675269060 


1 711111111 

0.700000000 


Ml 

N2 


4 AAAO 4 >I1A 

i.uuuoi4zy 


4 OA 04 A 

loy.914 




36 


AArt t\A f\C A C A QIAO 

602.91 05451 89AS 


7 111111111 

7.000000000 


a ci 

CAF2 


4 CCA1AAOC 

i .ooyzyuoo 


4 0Q A7A 

ioy.u/y 




37 


279.908546327 


7.662016814 


Ml 

N2 


4 1AAO 4 VIIA 

1.00031429 


4 OQ C04 

loo.bol 




38 


AAA ftA7^A.PAi( r~ 

292.067625915 


11 101C411£jI 

33.982510064 


r* a ci 

CAF2 


4 CCA1AAOC 

1 .55929035 


AAA AC\A 

141.194 




39 


486.808587823 


3.734684777 


M1 

N2 


4 11A04 >I1A 

1.00031429 


AAA A07 

141.087 


45 


40 


07vl AOQQCACOO 

374.488854583 


OO.by<:oiD4o4 


PA CI 

OArz 


4 CCA1QAOC 

1 .ooyzyuoo 


4/IO Q50 

i4z.yoz 




41 


-487.437697890 


24.337612976 


N2 


1.00031429 


142.631 




42 


-260.866697273 


12.000000000 


CAF2 


1.55929035 


141.625 




43 


-1117.259721160 


35.000000000 


N2 


1.00031429 


145.541 




44 


0.000000000 


-25.000000000 


N2 


1.00031429 


148.094 


50 


45 


311.002273193 


65.578230150 


CAF2 


1.55929035 


157.034 




46 


-1 023.55431 5350AS 


11.481377894 


N2 


1.00031429 


156.356 




47 


-672.57671 4992AS 


12.000000000 


CAF2 


1.55929035 


155.113 




48 


259.883468261 


14.205528799 


N2 


1.00031429 


151.262 
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TABLE 3 (cont.) 





SURFACE 


RADIUS 


THICKNESS 


MATERIAL 


REFR. INDEX 
157.6299 nm 


Yt FREE 
DIAMETEI 


5 


49 


305.263739591 


86.781334194 


CAF2 


1.55929035 


154.398 




50 


-617.755257115 


0.700000000 


N2 


1.00031429 


154.565 




51 


476.256251891 


38.263167655 


CAF2 


1.55929035 


148.491 




52 


-1486.494799770 


0.719489630 


N2 


1.00031429 


147.010 




53 


145.476122811 


40.782858325 


CAF2 


1.55929035 


119.019 


10 


54 


229.665054801 


0.933275871 


N2 


1.00031429 


113.051 


55 


140.220419138 


31.392645646 


CAF2 


1.55929035 


101.740 




56 


234.824506571 


0.723640009 


N2 


1.00031429 


95.088 




57 


162.332837065 


27.214899096 


CAF2 


1.55929035 


87.541 




58 


244.278333665 


9.299918126 


N2 


1.00031429 


74.726 


15 


59 


376.868342950 


10.929551626 


CAF2 


1.55929035 


67.902 


60 


101.455739030 


0.715773254 


N2 


1.00031429 


51.847 




61 


101.162965635 


8.299519050 


CAF2 


1.55929035 


51.361 




62 


79.437870675 


8.884307252 


N2 


1.00031429 


44.619 




63 


102.534993850 


25.750482491 


CAF2 


1.55929035 


41.066 


20 


64 


527.160854703 


9.000000000 


N2 


1.00031429 


28.053 


65 


0.000000000 


0.000000000 


N2 


1.00031429 


14.750 




66 


0.000000000 


0.000000000 




1.00000000 


14.750 



25 ASPHERIC CONSTANTS 

SURFACE NO. 2 

CO 0.0000 

C1 1.13998854e-007 

C2 -6.36178693e-012 

C3 3.23659752e-016 

C4 -5.32444727e-021 

C5 -8.32495109e-024 

C6 1.27324768e-027 

C7 -7.8391 0573e-032 

C8 0.00000000e+000 

C9 0.00000000e+000 

SURFACE NO. 21 

CO 0.0000 

C1 -1.29712266e-008 

C2 2.27339781e-012 

C3 1.44782825e-016 

C4 1.49868277e-020 

C5 -4.08871 955e-025 

C6 1.55577307e-028 

C7 -1.00785028e-032 

C8 0.00000000e+000 

C9 0.00000000e+000 



SURFACE NO. 4 

CO 0.0000 

C1 7.54224753e-008 

C2 2.18650725e-012 

C3 -1.43119795e-016 

C4 -4.77106422e-021 

C5 6.81749068e-024 

C6 -8.54589429e-028 

C7 5.97164385e-032 

C8 0.00000000e+000 

C9 0.00000000e+000 

SURFACE NO. 30 

CO 0.0000 

C1 -2.06288424e-009 

C2 5.71589058e-013 

C3 -2.21154944e-018 

C4 -8.89810821e-023 

C5 -1.08068385e-026 

C6 4.36847400e-031 

C7 -5.7371 2694e-036 

C8 0.00000000e+000 

C9 0.00000000e+000 



SURFACE NO. 15 

CO 0.0000 

C1 -6.96085201 e-009 

C2 -2.46245992e-012 

C3 -1.57870389e-016 

C4 -8.75762750e-021 
C5 3.8681 7665e-025 

C6 -9.00885871e-029 
C7 8.78630596e-033 
C8 0.00000000e+000 
C9 0.00000000e+000 

SURFACE NO. 36 

CO 0.0000 

C1 -1 .344821 20e-008 

C2 -2.70871 166e-01 3 

C3 -1.46625867e-018 

C4 -1.23067852e-022 
C5 6.79261 614e-028 

C6 -3.16281062e-032 

C7 -5.79252063e-037 
C8 0.00000000e+000 
C9 0.00000000e+000 



SURFACE NO. 16 

CO 0.0000 

C1 -3.45865856e-008 

C2 2.71322951e-012 

C3 1.50235080e-016 

C4 1.897513096-020 

C5 -1. 3000621 9e-024 

C6 6.16358831e-030 

C7 1.17159428e-033 

C8 0.00000000e+000 

C9 0.00000000e+000 

SURFACE NO. 46 

CO 0.0000 

C1 -1.19258053e-009 

C2 -6.06323614e-014 

C3 -7.794801 28e-01 8 

C4 5.18508440e-023 

C5 4.67224846e-027 

C6 -3.31365069e-031 

C7 5.12625482e-036 

C8 0.00000000e+000 

C9 0.00000000e+000 



{M:\l64l\0n083\00044622.DOC IMIIII9IIIIID } 



Page 24 of 47 



SURFACE NO. 47 



CO 0.0000 

C1 -5.81614530e-009 

C2 -2.06494325e-014 

C3 -8.58899622e-018 

C4 2.06606063e-023 

C5 7.14078196e-027 

C6 -3.99032238e-031 

C7 6.64567245e-036 

C8 0.00000000e+000 

C9 0.00000000e+000 



The lens arrangement 21 shown in Figure 5 is designed 
likewise for the wavelength of 157.6 nm. This lens arrangement 
5 21 differs significantly from the preceding examples in that 
only three doublets, i.e., Dl, D2 and D4, are placed ahead of 
the system diaphragm 19. The doublet that was identified as D3 
in the preceding figures has been omitted in the arrangement of 
Figure 5. The two consecutive negative lenses that form the 

10 second, weakly curved waist are in this case arranged at a 
distance from each other. As a result of the modified 
arrangement and the omission of the doublet D3 , the lens volume 
of the objective is reduced, which has the benefits of a lower 
material cost and a reduced level of absorption. The specific 

15 lens data are listed in the following Table 4. 
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TABLE 4 



SURFACE 


RADIUS 


THICKNESS 


MATERIAL 


REFR. INDEX 
157.6299 nm 


Vi FREE 
DIAMETER 


A 
U 


a aaaaaaaaa 
U.UUUUUUUUU 


00 7C000Q7C0 

Zo./bZooof OU 


MO 
NZ 


1 .uuuo inzy 


OQ.UOU 


A 
1 


a (\c\c\(\r\(\(\c\c\ 
U.UUUUUUUUU 


A A 0/IG107C0P. 

l4.Z4olo/OZo 


MO 
NZ 


I .uuuo inzy 


D I .Z4D 


z 


HA A 7A707CCC0AC 

0l4./U/Z/b0bzAo 


A 0 OQ1 Q1 KOOC 

lo.yoioiozob 


PACO 

UArZ 


1 .ooyzyuoo 


00.000 


o 
0 


40Q 04 070HOAO 

1o8.zlz/zlzUz 


■IK C70Q7COOO 

io.o/yo/bzyo 


MO 


A AAA^IilOQ 

i.uuuo Rzy 


00. yo i 


4 


CO>l QOy^Q-f O/10 AO 

Oo4.8z4/olz4oAo 


i2./oy4ybb4i 


PACO 


a ccqoqaoi; 

1 .ooyzyuoo 


oy.ozz 


r 

0 


OQA OCyH7fHOC 


00 Q1070CC77 

oo.yio/zbbf / 


MO 
INZ 


A AAA01/100 

i.uuuo i4zy 


71 fiftA 
/ I.004 


c 
D 


-1o1.4/on9biy 


OQ 1A7Q01G7A 

2o.lU/ooiy/U 


PACO 


1 .ooyzyuoo 


( 0.000 


7 
I 


^71 AQ4 XOOC/IO 

-4/l.yo14oob4o 


i.ubyyubbo/ 


MO 


i .uuuo i4zy 


Q7 RQQ 


Q 

0 


A AAAAAAAAA 

u.uuoouuuuu 


0>l OAQ4Q./ICOO 

o4.oUo1o4o2o 


PA CO 


1 .ooyzyuoo 


IU I.ZZO 




OOQ OQAHOO'iCA 

-Zz8.z8U1Zo1bO 


A 7AXCQ/IA7C 

U./U4bo4U/0 


MO 


A AAA01/OQ 

i.uuuoi4zy 


\\JH.( Z*f 


10 


7ftC 7O>!0OA0/IC 

79b.7z48z9345 


>IO 7C04CAQ4C 

4o./oo1oyo1b 


PACO 

UArZ 


1 .ooyzyuoo 


A AR. 170 
I ID. 1 10 


A A 
11 


OCC OCA04 0CCA 

-266.360318650 


A 7XCA0/10A0 

U./4oUy4oUo 


MO 

NZ 


A AAA01/OQ 

1 .uuuoi4zy 


117 1A7 
1 1 f .OH! 


12 


4A04 OC"l A OAOvl A 

1081.261439844 


OO QA A ZAOCaA 0 

2o.8no42y 10 


PACO 

OArZ 


1 .ooyzyuoo 


11C QfiQ 

no.yoy 


A O 

13 


7HO OAA70>IOCQ 

-712.390784368 


A A1C701 OCX 

y.yib/oi2o4 


MO 

INZ 


A AAAO-I/IOQ 

i.uuuoi4zy 


AAR AAI 
1 10.440 


4 A 

14 


ACQ OCOAvlAOOO 

158.258040233 


OA AOACC74QO 

8U.929657183 


PACO 

UArz 


A RCQOQAOR 

1 .ooyzyuoo 


1 AO AGO 

luo.oyo 


A C 

15 


328.91 6333526AS 


A*) C07AQ-1 OAQ 

4o.bo/y81o4o 


MO 

NZ 


A AAA01XOQ 

i.uuuoi4zy 


QO A01 
OO.UZl 


A O 

16 


-ICO 7Q0 4 0X04 0 AO 

-1bo./8o1o4zloAo 


Q AAAAAAAAA 
O.UUUUUUUUU 


PACO 

UArZ 


1 .ooyzyuoo 


71 477 
/ 1 .4/ / 




OO/I /1007'IOOQO 

294.432/ Izooo 


07 /1AKGKAAG7 
If .4U0y0UUb( 


MO 
INZ 


i .uuuo i^zy 


R7 

0/ .ZOO 


A Q 

18 


i>i>i ooace/iaei 
-144.ooU004Uo 1 


0 00>17CPAOP. 

o.zo4/ooyzo 


PACO 
UArZ 


i .ooyzyuoo 


fi7 079 
Or .UOZ 


A A 

19 


OA7 QOCQAOOQC 

o9/.8oo8yzoob 


OQ OGGEOOQ/l/1 

Zo.zbb0ozo44 


MO 
INZ 


1 AAAOI/tOQ 

1 .uuuo Rzy 


71 777 
( I .Of 0 


OA 

20 


ACA CCOAXQAAA 

-161.553948900 


Af\ 0AC0OCO7O 

!U.oyoo2o2/2 


PACO 

UArZ 


A CCAOQAOE 

i.ooyzyuoo 


70 QQA 

/ z.oyu 


21 


OCO C-1 A A f\A 770 A C 

-Z58.b144U1/7oAo 


A C AGQGCE/170 

io.uboybo4/y 


MO 

INZ 


A AAA01/OO 

1 .uuuo i4zy 


70 901 

f y.zu i 


OA 

22 


A AQ AdAA A AQdC 

-148.191 1448b0 


07 0Q1GG077G 

2/.2oiyby/ /y 


PACO 

UArZ 


1 .ooyzyuoo 


fiO 79R 
OU.f ZD 


ao 

23 


■ICO AAOAXOCCO 

-153.092043553 


A 7-1 A ACiAGQCj 

uv ii4U4byy 


MO 

NZ 


A AAAOIylOG 

1 .uuuoi4zy 


Q1 Q7C. 

y i.yoo 


O A 

24 


vtOA OXOA0740C 

-429.848987135 


OVl OHOOH XQOC 

o4.o1oz14ozb 


PA CO 

UArZ 


A KKGOGAOi; 

1 .ooyzyuoo 


100 CQO 

lUU.OoU 


or 

25 


OOO CAA0 4AOOO 

-222.509319222 


A 7CC1 QC07H 

0.755186371 


MO 

NZ 


A AAAOI^OQ 

i.uuuoi4zy 


107 A OO 
IU / .4ZZ 


AA 

26 


A AC AVIOOOOOCvl 

-446.042338354 


OC A OA A A AACA 

25.134410060 


UArZ 


A KCGOGAOK 

i .ooyzyuoo 


111 OOK 

lll.oZO 


A"7 

27 


A~7C {\AC7AO~7AO 

-476.016743713 


AC "1CQAOCOAQ 

1b.1b80ob2y8 


MO 

NZ 


A AAAO-MOQ 

i.uuuoi4zy 


117 QfiO 


A£ 

26 


AAA AXC70A-1AC 

290.945720195 


C\A A CAO7AA07 

91.1bU2/Uyo/ 


PACO 

UArZ 


A EEQOOAOR 

1 .ooyzyuoo 


17^ ^fi1 
100.00 I 


OA 

29 


OCO AAAAAAAOH 

-352.999009021 


7 OOOOOIEOO 

/ .zoyoy iooz 


MO 

NZ 


A AAA01/IOQ 

1 .uuuoi4zy 


17A ROA 
I04.0U0 


OA 

30 


OOO AAAOOCO/ICAO 

-333.990335846AS 


4 A 7A/I AA/OQO 

1U./949U4Z8Z 


PACO 

UArZ 


A CKGOOAOE 

1 .ooyzyuoo 


101 Q77 
lOl.OOi 


31 


686.418617658 


C7 CACAylAC7A. 

67.60604957b 


MO 

NZ 


A AAAOi/IOQ 

i.uuuoi4zy 


10fi g*;o 

izo.yoo 


OA 

32 


484.704981 071 AS 


OA OV17AAACCA 

20.247999550 


A CO 

UArz 


A CCAOAAOC 

1 .ooyzyuoo 


10G Q10 


A A 

33 


272.256910966 


O OA4 OO/ICO A 

8.301324639 


MO 

Nz 


A AAA01/IOQ 

i.uuuoi4zy 


10G CGA 

izy.byu 


34 


AAA jlA>IAdAAAO 

283.424612963 


OH ylvlVlAHOAAC 

21.444612905 


a co 

CAF2 


A CCAOAAOC 
1 .009Z9UOO 


A OO CGO 

loz.oyo 


35 


AAA AA/^ AAA A O 4 

441.096441131 


7.286378331 


MO 

N2 


A AAA0 4 A OA 

1.00031429 


A OO H 

loz.bll 


36 


341.080821148 


56.120769051 


CAF2 


A CCAOAAOC 

1 .55929035 


4 OC A A O 

135.413 


37 


467.022730717 


AO ilOAAAA"7AA 

23.483002796 


MO 

N2 


A A A AO A vlOA 

1.00031429 


-1 OC AAO 

loo.uyz 


38 


-251.271987182 


10.033317804 


CAF2 


1.55929035 


133.934 


39 


-1127.860216547 


34.039044392 


N2 


1.00031429 


137.435 


40 


0.000000000 


-23.762838750 


N2 


1.00031429 


140.287 


41 


297.718439650 


63.279096400 


CAF2 


1.55929035 


148.476 


42 


-917.492707769AS 


10.913617063 


N2 


1.00031429 


147.745 


43 


-614.308568323AS 


11.278985347 


CAF2 


1.55929035 


146.599 


44 


248.499662987 


14.012163218 


N2 


1.00031429 


143.454 
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TABLE 4 (continued) 



KrAUt 


KAUIUo 


TUI^I/MCCC 

1 HIOKNEoo 


RJtATCDI A 1 

MA FERIAL 


REFK. INDEX 

<<r7 conn ««» 

157.6299 nm 


1/ Pnrp 

h FREE 

m A ft JCTCO 

DIAMETER 


45 


293.420324051 


77.421679876 


CAF2 


1.55929035 


146.721 


46 


-577.615924152 


0.827697065 


N2 


1.00031429 


146.976 


47 


428.803478030 


38.627735627 


CAF2 


1.55929035 


141.309 


48 


-1538.689777020 


0.709093944 


N2 


1.00031429 


539.590 


49 


138.430254604 


39.259717130 


CAF2 


1.55929035 


113.344 


50 


220.629434605 


0.852226738 


N2 


1.00031429 


107.642 


51 


134.960023432. 


29.998458517 


CAF2 


1.55929035 


97.026 


52 


215.500125113 


0.702119104 


N2 


1.00031429 


89.828 


53 


149.475551465 


25.893987130 


CAF2 


1.55929035 


82.702 


54 


231.671140781 


8.806791935 


N2 


1.00031429 


71.084 


55 


350.283305716 


10.400580673 


CAF2 


1.55929035 


64.558 


56 


145.109553410 


0.700000000 


N2 


1.00031429 


52.531 


57 


141.455177019 


8.001279379 


CAF2 


1.55929035 


51.711 


58 


73.955966022 


8.329441414 


N2 


1.00031429 


42.090 


59 


96.168359436 


24.494556608 


CAF2 


1.55929035 


38.879 


60 


459.800275735 


8.554621950 


N2 


1.00031429 


26.571 


61 


0.000000000 




N2 




14.020 



ASPHERIC CONSTANTS 



SURFACE NO. 2 SURFACE NO. 4 SURFACE NO. 15 



10 



CO 


0. 0000 


CO 


0. 0000 


CO 


0. 0000 


CI 


1.40076890*007 


CI 


9.46620092e-008 


C1 


-1.23543806e-008 


C2 


-9.37770559e-012 


C2 


3.31455802e-012 


C2 


-3.08782621e-012 


C3 


5.50812946e-016 


C3 


-2.39290707e-016 


C3 


-2.03630284e-016 


C4 


6.20589318e-021 


C4 


-1.712347836-020 


C4 


-8.161531 106-021 


C5 


-2.37140019e-023 


C5 


1.74026756e-023 


C5 


1.74407091e-025 


C6 


3.95180787e-027 


C6 


-2.430201 07e-027 


C6 


-5.09307070e-029 


C7 


-2.60792832e-031 


C7 


1.77431459e-031 


C7 


1.00885745e-032 


C8 


0.00000000e+000 


C8 


0.00000000e+000 


CB 


0.00000000e+000 


C9 


0.00000000e+000 


C9 


0.00000000e+000 


C9 


0.00000000e+000 


SURFACE NO. 16 


SURFACE 


NO. 21 


SURFACE 


NO. 30 


CO 


0.0000 


CO 


0.0000 


CO 


0. 0000 


C1 


-4.6241 6977e-008 


CI 


-2.13181934e-008 


C1 


-2.44196650e-009 


C2 


5.09342413e-012 


C2 


3.39572804e-012 


C2 


6.83785083e-013 


C3 


1.93873865e-016 


C3 


1.70428863e-016 


C3 


-4.77483094e-018 


C4 


2.75889868e-020 


C4 


2.27977453e-020 


C4 


-4.35836087e-023 


C5 


-1.64807233e-024 


C5 


-9.47218587e-025 


C5 


-1.74046992e-026 


C6 


-1.89286552e-028 


C6 


2.65529506e-028 


C6 


6.83065300e-031 


C7 


1. 581241 15e-032 


C7 


-2.14888777e-032 


C7 


-9.01251 572e-036 


C8 


0.00000000e+000 


C8 


0.00000000e+000 


C8 


0.00000000e+000 


C9 


0.00000000e+000 


C9 


0.00000000e+000 


C9 


0.00000000e+000 
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SURFACE NO. 32 



SURFACE NO. 42 



SURFACE NO. 43 



CO 




ro 


0 0000 


CO 


0 0000 


PI 






1 .Out yJOiJC UUC7 


V-/ 1 


-fi 81804493p-009 


C2 


-3.5381 2954e-01 3 


C2 


-7.42014625e-014 


C2 


-3.12076075e-014 


C3 


-8 52862214e-019 


C3 


-1.11669633e-017 


C3 


-1.22481799e-017 


C4 


-2.84552357e-022 


C4 


7.72614773e-023 


C4 


2.99026626e-023 


C5 


3.34667441e-027 


C5 


8.16034068e-027 


C5 


1.23468742e-026 


C6 


-1 .70981 346e-031 


C6 


-6.36127613e-031 


C6 


-7.60144642e-031 


C7 


8.0681 5620e-038 


C7 


1.091 041 08e-035 


C7 


1.42018134e-035 


C8 


0.00000000e+000 


C8 


0.00000000e+000 


C8 


0.00000000e+000 


C9 


0.00000000e+000 


C9 


0.00000000e+000 


C9 


0.00000000e+000 




The lens arrangement 


21 shown in 


Figure 6 


is designed 



for the wavelength of 193 nanometers. The size of the exposure 
field is 10.5 x 26 mm 2 . The design length measured from the 
5 object plane O to the image plane 0' is 12 00 mm. An amount of 
only 103 kg of quartz glass material is required for 
manufacturing this objective. Analogous to the example of 
Figure 5, this embodiment again has a total of only four 
doublets. The doublet that was identified as D3 in Figures 2-4 
10 has again been omitted in the arrangement of Figure 6. The 
detailed lens data are listed in Table 5. 



TABLE 5 



15 


SURFACE 


RADIUS 


THICKNESS 


MATERIAL 


REFR. INDEX 
193.304 nm 


% FREE 
DIAMETER 




0 


0.000000000 


22.812325200 


N2 


1.00000320 


56.080 




1 


0.000000000 


10.339145912 


N2 


1.00000320 


61.040 




2 


1344.886802290AS 


15.881971169 


SI02HL 


1.56028895 


63.970 


20 


3 


232.178777938 


15.628670502 


N2 


1.00000320 


66.074 




4 


-537.599235732AS 


10.251256144 


SI02HL 


1.56028895 


67.146 




5 


357.600737011 


39.221339825 


N2 


1.00000320 


71.765 




6 


-107.956923549 


18.404856395 


SI02HL 


1.56028895 


73.446 




7 


-243.717356229 


0.700350683 


N2 


1.00000320 


92.692 


25 


8 


0.000000000 


41.961272197 


SI02HL 


1.56028895 


108.723 




9 


-202.822623296 


0.701099003 


N2 


1.00000320 


112.352 




10 


908.396780928 


46.105755859 


SI02HL 


1.56028895 


127.495 
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TABLE 5 (continued) 



5 


SURFACE 


RADIUS 


THICKNESS 


MATERIAL 


REFR. INDEX 
193.304 nm 


!4 FREE 
DIAMETER 




11 


-324.403526021 


0.700000000 


N2 


1.00000320 


129.122 




12 


272.374319621 


70.961916034 


SI02HL 


1.56028895 


129.626 




13 


-861.339949580 


0.801352132 


N2 


1.00000320 


124.293 


10 


14 


189.599720148 


87.814706985 


SI02HL 


1.56028895 


107.193 




15 


235.651582170AS 


33.939348010 


N2 


1.00000320 


73.553 




16 


-167.950781585 


23.127229402 


SI02HL 


1.56028895 


71.043 




17 


418.275060837AS 


29.676213557 


N2 


1.00000320 


66.843 




18 


-122.074492458 


12.991654582 


SI02HL 


1.56028895 


65.012 


15 


19 


225.914585773 


27.597144000 


N2 


1.00000320 


69.278 




20 


-207.944504375 


9.625251661 


SI02HL 


1.56028895 


70.891 




21 


-222.237071915AS 


12.259114879 


N2 


1.00000320 


74.459 




22 


-143.306961785 


25.742020969 


SI02HL 


1.56028895 


75.779 




23 


-171.350364563 


0.700000000 


N2 


1.00000320 


87.359 


20 


24 


-584.950465544 


30.430256525 


SI02HL 


1.56028895 


94.810 




25 


-322.926323860 


0.700000000 


N2 


1.00000320 


102.056 




26 


-2074.519592980 


18.436325366 


SI02HL 


1.56028895 


106.932 




27 


-454.899324547 


0.700000000 


N2 


1.00000320 


108.765 




28 


311.973161398 


60.379264795 


SI02HL 


1.56028895 


116.799 


25 


29 


-244.157709436 


4.226375511 


N2 


1.00000320 


116.691 




30 


-226.802865587AS 


8.000000000 


SI02HL 


1.56028895 


115.226 




31 


581.003793889AS 


33.843695716 


N2 


1.00000320 


113.965 




32 


433.165006354AS 


8.000000000 


SI02HL 


1.56028895 


117.646 




33 


220.638014434 


6.160147896 


N2 


1.00000320 


117.478 


30 


34 


235.847612538 


38.094085109 


SI02HL 


1.56028895 


119.548 




35 


2922.562377140 


10.091385703 


N2 


1.00000320 


119.635 




36 


828.603251335 


34.242333007 


SI02HL 


1.56028895 


120.292 




37 


-421.523524573 


19.499093440 


N2 


1.00000320 


120.075 




38 


-227.399216829 


8.000000000 


SI02HL 


1.56028895 


119.391 


35 


39 


-713.133778093 


32.677482617 


N2 


1.00000320 


122.273 




40 


0.000000000 


-22.812325200 


N2 


1.00000320 


124.721 




41 


477.077275979 


54.887245264 


SI02HL 


1.56028895 


128.109 




42 


-302.959408554AS 


9.015123458 


N2 


1.00000320 


128.235 




43 


-259.248633314AS 


8.000000000 


SI02HL 


1.56028895 


127.331 


40 


44 


257.367927097 


9.018964995 


N2 


1.00000320 


132.095 




45 


301.442153248 


62.427272391 


SI02HL 


1.56028895 


134.626 




46 


-415.709868667 


0.700000000 


N2 


1.00000320 


135.476 




47 


247.440229366AS 


47.657128386 


SI02HL 


1.56028895 


133.887 




48 


-288949.445195000 


0.700000000 


N2 


1.00000320 


131.978 


45 


49 


151.825283163 


37.348129556 


SI02HL 


1.56028895 


112.363 




50 


293.987758399 


0.700000000 


N2 


1.00000320 


107.532 




51 


140.326981621 


28.581518950 


SI02HL 


1.56028895 


94.765 




52 


219.719357959 


0.700000000 


N2 


1.00000320 


86.981 




53 


142.826791834 


24.808199570 


SI02HL 


1.56028895 


79.406 


50 


54 


283.110177788 


7.914740800 


N2 


1.00000320 


70.515 




55 


510.756323891 


9.591341155 


SI02HL 


1.56028895 


64.645 




56 


266.825722219 


0.722333492 


N2 


1.00000320 


55.512 




57 


215.942664188 


8.000000000 


SI02HL 


1.56028895 


53.165 
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TABLE 5 (continued) 



SURFACE RADIUS THICKNESS MATERIAL REFR. INDEX !4 FREE 
193.304 nm DIAMETER 

5 



58 


72.787640467 


7.718712927 


N2 


1.00000320 


41.272 


59 


93.765259707 


24.684737028 


SI02HL 


1.56028895 


38.377 


60 


469.355888001 


8.212437072 


N2 


1.00000320 


26.099 


61 


0.000000000 


0.000000000 


N2 


1.00000320 


14.020 


62 


0.000000000 


0.000000000 




1.00000000 


14.020 



ASPHERIC CONSTANTS 

15 

SURFACE NO. 2 



CO 


0.0000 


C1 


1.527573386-007 


C2 


-1.393949026-011 


C3 


7.41376692e-016 


C4 


-3.46945761e-019 


C5 


8.95992656e-023 


C6 


-1.64136955e-026 


C7 


1.1 8641 735e-030 


C8 


0.00000000e+000 


C9 


0.00000000e+000 



SURFACE NO. 4 



CO 


0.0000 


C1 


4.00562871e-008 


C2 


4.60196624e-012 


C3 


-3.47640954e-016 


C4 


1.695075808-019 


C5 


-3.89922208e-023 


C6 


7.79027536e-027 


C7 


-5.53241761e-031 


C8 


0.00000000e+000 


C9 


0.00000000e+000 



SURFACE NO. 15 

CO 0.0000 

C1 5.47524591e-008 

C2 5.05793043e-013 

C3 3.05008775e-017 

C4 1.982535746-021 

C5 7.84443491e-025 

C6 1.27239733*028 

C7 6.73733553e-033 

C8 0.00000000e+000 

C9 0.00000000e+000 



SURFACE NO. 17 SURFACE NO. 21 SURFACE NO. 30 



CO 


0.0000 


CO 


0.0000 


CO 


0.0000 


C1 


-9.9971 8876e-008 


C1 


-1.773908906-008 


C1 


-2.9222211 1e-009 


C2 


-8.52059462e-012 


C2 


1.861603956-012 


C2 


6.98720386e-013 


C3 


-5.86845398e-016 


C3 


2.57697930e-016 


C3 


9.602821 32e-01 8 


C4 


-6.641 24324e-020 


C4 


2.73779514e-020 


C4 


4.51192034e-022 


C5 


-4.60657771 e-024 


C5 


4.3691 7581 e-024 


C5 


-8.63764902e-026 


C6 


-5.51712065e-028 


C6 


-1 .210303896O28 


C6 


2.7930791 3e-030 


C7 


0.00000000e+000 


C7 


7.05508252e-032 


C7 


-4.28143587e-035 


C8 


0.00000000e+000 


C8 


0.00000000e+000 


C8 


0.00000000e+000 


C9 


0.00000000e+000 


C9 


0.00000000e+000 


C9 


0.00000000e+000 
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SURFACE NO. 31 



SURFACE NO. 32 



SURFACE NO. 42 



pft 
OU 


u.uuuu 




U.UUUU 


OU 


n ftftnn 
U.UUUU 


Ul 


o./yuoooMe-uuy 


01 


-1.4ooo00bye-UUo 


01 


-1.4D32272ue-UUa 


C2 


1.54225743e-013 


C2 


9.531 38635e-014 


C2 


-7.32982723e-014 


C3 


2.58122902e-018 


C3 


-7.72742465e-019 


C3 


-4.12559846e-018 


C4 


7.06529922e-022 


C4 


-5.5544681 5e-023 


C4 


1.10568402e-022 


C5 


-4.65550297e-026 


C5 


1.85136302e-026 


C5 


8.54286956e-027 


C6 


1. 02837481 e-030 


C6 


-1.44110574e-030 


C6 


-8.34588063e-031 


C7 


2.54076903e-036 


C7 


3.72591 227e-035 


C7 


1.97309537e-035 


C8 


0.00000000e+000 


C8 


0.00000000e+000 


C8 


0.00000000e+000 


C9 


0.00000000e+000 


C9 


0.00000000e+000 


C9 


0.00000000e+000 



SURFACE NO. 43 SURFACE NO. 47 



CO 


0.0000 


CO 


0.0000 


C1 


-6.88182408e-009 


C1 


1.62217387e-009 


C2 


1.49845458e-014 


C2 


-6.741 69300e-014 


C3 


-3.68264031e-018 


C3 


1.20108340e-018 


C4 


1.78132275e-022 


C4 


1.21664354e-023 


C5 


6.6231 2346e-027 


C5 


-1.11444071e-027 


C6 


-8.68541514e-031 


C6 


1.08479154e-031 


C7 


2.3281 7966e-035 


C7 


-2.9351 3997e-036 


C8 


0.00000000e+000 


C8 


0.00000000e+000 


C9 


0.00000000e+000 


C9 


0.00000000e+000 




The aspheric 


lens 


surfaces in 



all of the foregoing 



5 examples are obtained by inserting the tabulated values for Co, 
Ci, C2/ .... into the equation 



P{h) = = IR = + C { h 4 + C 2 h 6 + .... 

i+yi-a+Q)*%2 



wherein P(h) represents the axial coordinate and h represents 
the radial coordinate of a point on the lens surface, i.e., 
10 P(h) indicates the distance of a point of the lens surface from 
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a plane that contains the vertex of the lens surface and 
extends perpendicular to the optical axis. C x to C n are the 
aspherical constants listed in the tables, and the constant C 0 
represents the conicity of the lens surface. R stands for the 
5 sagittal radius listed in the tables. The representation 
according to the foregoing equation with polynomial 
coefficients Ci to C n conforms to an industry standard known as 
CODE V™ and developed by Optical Research Associates, Pasadena, 
California. 

10 

Concerning the question of how big a loss in exposure 
contrast the photoresist can tolerate, it has been found that 
the contrast loss is significantly influenced by the 
longitudinal chromatic aberration of a lithography objective. 

15 In order to determine the bandwidth of a system for different 
apertures, wavelengths, materials and structure widths, it is 
proposed that the diameter of the circle of confusion induced 
by the longitudinal chromatic aberration be kept smaller than a 
factor of 2.2 times the structure width, and preferably even 

20 smaller than 2.0 times the structure width. 

The chromatically induced circle of confusion is to be 
determined at the maximum aperture and for a deviation AA from 
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the working wavelength by one -half the bandwidth of the light 
source . 

In the following Table 6, the bandwidth of a system was 
5 determined for a case where the diameter of the chromatic 

circle of confusion was equal to 2 . 1 times the structure width. 
In comparison to a monochromatic system the resulting contrast 
loss in grid structures is about 6.5% with the polychromatic 
system. 

10 

Table 6 



Embodiment 


A, in 
nm 


NA 


Image 
field 
mm 2 


Structure 
width [nm] 
Ki=0,32 


Bandwidth 
pm 


Material 


CHL 
nm/pm 


Number of 
aspheres 


KCHL 


Table 1 


193 


0,8 


26x10,5 


77,3 


0,31 


SiO 


392 


9 


5,02 


Table 2 


193 


0,85 


26x10,5 


72,8 


0,24 


Si0 2 


401 


9 


5,13 


Table 3 


157 


0,85 


26x14 


59,3 


0,12 


CaF 2 


672 


9 


5,18 


Table 4 


157 


0,85 


26x10,5 


59,3 


0,12 


CaF 2 


668 


9 


5,15 


Table5 


193 


0,85 


26x10,5 


72,8 


0,26 


Si0 2 


367 


11 


4.71 


A* 


248 


0,83 


26x8 


95,8 


0,75 


Si0 2 


180 


4 


6,07 


B* 


193 


0,85 


26x8 


72,8 


0,19 


Si0 2 


503 


11 


6,64 



* A and B represent the respective embodiments of Table 2 and 
15 Table 4 of WO 01/50171 Al . 
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The structure width was determined according to the formula: 

X * K 

Structure width = , 

NA 

wherein a value of 0.32 was selected for Ki. A practical range 
of variation for Ki is between 0.27 and 0.35. The 
5 characteristic index KCHL can provide a comparison between the 
different designs of refractive lithography objectives with 
regard to the longitudinal chromatic aberration that occurs 
with the defined image field dimensions, light source band 
widths, and dispersion of the materials used in the lenses. If 

10 the objective consists of only one material, the dispersion of 
that single material is used. If the objective consists of a 
plurality of different materials, each lens is assigned a 
synthesized substitute material with the same refractive index 
as the actual material of that lens, but with a selected 

15 uniform dispersion for the calculation of the substitute 
longitudinal chromatic aberration. 

KCHL = ^ — , wherein 

AX[nm] * ( ) * /max[rcm] 

n-\ 

CHL represents the longitudinal chromatic aberration, 

AA represents the bandwidth interval, and 

20 Y'max represents the maximum image field diameter. 
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It is advantageous to enter the values for CHL, AA, 
Y'max in nm in the foregoing equation, choosing for example a 
value of 1 nm for AA. To document the state of the art, the 
examples A and B of, respectively, Table 4 and Table 2 of 
5 WO 01/50171 Al are shown above in Table 6. Embodiment B has a 
highly typical KCHL-value of 6.07. Conventional refractive 
lithography objectives generally vary only within narrow limits 
from this amount, with the very high KCHL-value of 6.64 in 
embodiment A representing an exception. 

10 

KCHL-values falling significantly below 6.0 have been 
achieved for the first time with the embodiments presented 
herein. A particularly low KCHL-value of 4.71 was attained in 
the example of Table 5. This opens up the unprecedented 

15 possibility of using only quartz glass (fused silica, Si0 2 ) as 
lens material for a wavelength of 193 nm and a structure width 
of about 70 nm. The ability to completely eliminate the need 
for CaF 2 in an objective for 70 nm structures and to reduce the 
CaF 2 volume for structures smaller than 70 nm represents an 

20 enormous economic advantage. The objectives of the design 
proposed herein have a KCHL-value of less than 5.3, with a 
preference for KCHL-values below 5.0, and the strongest 
preference for KCHL-values below 4.8. 
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List of Reference Symbols 

To the extent that the reference symbols indicate analogous 
elements, they are shared between the different drawing 
figures . 

1 Projection system for photographic exposures 

3 Illumination device 

5 Projection objective 

7 Optical axis 

9 Mask 

11 Mask holder 

13 Image plane 

15 Wafer 

17 Substrate holder 

19 System diaphragm 

21 Lens arrangement 

23 Light bundle 

25 Maximum diameter of light bundle 

27 Light bundle diameter 

29 First waist 
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